The vibrational density of states of a series of homologous triphenylene-based discotic liquid crystals HATn (n = 5, 6, 8, 10, 12) depending on the length of the aliphatic side chain is investigated by means of inelastic neutron scattering. All studied materials have a plastic crystalline phase at low temperatures, followed by a hexagonally ordered liquid crystalline phase at higher temperatures and a quasi isotropic phase at the highest temperatures. The X-ray scattering pattern for the plastic crystalline phase of all materials shows a sharp Bragg reflection corresponding to the intercolumnar distance in the lower q-range and a peak at circa 17 nm À1 related to intracolumnar distances between the cores perpendicular to the columns as well as a broad amorphous halo related to the disordered structure of the methylene groups in the side chains in the higher q-range. The intercolumnar distance increases linearly with increasing chain length for the hexagonal columnar ordered liquid crystalline phase. A similar behaviour is assumed for the plastic crystalline phase. Besides n = 8 all materials under study exhibit a Boson peak. With increasing chain length, the frequency of the Boson peak decreases and its intensity increases. This can be explained by a self-organized confinement model. The peaks for n = 10, 12 are much narrower than for n = 5, 6 which might imply the transformation from a rigid system to a softer one with increasing chain length. Moreover the results can also be discussed in the framework of a transition from an uncorrelated to a correlated disorder with increasing n where n = 8 might be speculatively considered as a transitional state.
Introduction
In contrast to crystalline materials where it is expected that the vibrational density of states (VDOS) g(o) follows the Debye model of sound waves g(o) B o 2 , amorphous materials exhibit an excess contribution in the frequency range of o = 0.2-1 THz (energy range 1-5 meV). In the reduced representation g(o)/o 2 versus frequency a peak is observed for these materials, which is commonly called the Boson peak (BP). 1 The Boson peak is a universal but controversially discussed feature of glasses and other materials with a complete or partial disorder. Moreover the BP corresponds to the excess contributions commonly found for glasses in the specific heat and in the thermal conductivity at low temperatures. As a matter of fact many systems which show a BP also exhibit a glass transition characterized for instance by the glass transition temperature T g . Until today the glass transition phenomenon has been a topical problem of condensed matter physics. [2] [3] [4] Despite the different time scales of the thermal glass transition (B100 s at T g ), and the BP (terahertz range), there are strong indications of a relevance of the BP for the glass transition. Within the concept of the fragility of glasses 5 the BP is well pronounced for materials which are classified as ''strong glasses'', the BP is weak primarily for ''fragile ones''. 6 It is further known that the Boson peak is more or less independent of temperature. 7 The origin of the BP is still unclear and the different existing theoretical approaches can be divided into two classes:
(1) The modes of the BP are different from sound waves and originate from (quasi) localized modes [8] [9] [10] which are due to peculiarities of the interatomic forces in the material (e.g. group of atoms subject to a soft potential).
(2) The BP of the amorphous system is a broadened version of the Van Hove singularity which is a well-known phenomenon in crystalline systems: 11 for a linear chain as a model system the frequency is proportional to the sine of the wave vector, which is why frequencies close to the maximum are more numerous than low sound frequencies. It is assumed that this singularity exists also in amorphous materials to a given extent. This means that the VDOS of an amorphous material is just a modification of the VDOS of the corresponding crystalline system due to random fluctuations of force constants. 12 To elucidate the controversy on the BP several studies have been carried out by means of Fourier transform infrared spectroscopy, inelastic X-ray scattering, neutron scattering, Mössbauer spectroscopy, low frequency Raman spectroscopy and light scattering on conventional glass formers such as low molecular weight liquids and polymers. [13] [14] [15] [16] [17] [18] [19] [20] This concerns also biologically active systems such as proteins 21 which are also considered to undergo a glass transition. As discussed above a detailed theoretical description of the boson peak is not developed untill now, the connection of the Boson peak to fluctuations of elastic constants has been demonstrated in ref. 22 . In detail sound waves were considered in a disordered environment where the local elastic constants are subjected to fluctuations. The spatial correlation of these fluctuations is described by a correlation length. Sokolov et al. investigated the correlation between the dynamic heterogeneity length scale x of glasses estimated from the boson peak and the activation volume for the dynamic glass transition DV # in a number of molecular, hydrogen bond and polymeric glass formers. They observed that x 3 (T g ) B DV # (T g ) holds regardless of chemical structure, molecular weight and pressure (density) of the studied materials. 23 Embedding materials into nanostructures can also be helpful to discriminate between the two theoretical approaches where both surface effects and the confinement size play a role. Confinement can be classified into two categories, hard and soft confinement. For organic glass-forming systems impregnated in a hard confinement like nanopores the high frequency range remains more or less unaffected, while the low frequency wing is suppressed with decreasing confinement size. Therefore the BP becomes sharper and is shifted to higher frequencies. These results were obtained for conventional low molecular weight (salol) and polymeric glass-forming systems (poly(dimethyl siloxane), poly(phenylmethyl siloxane), poly-(propylene glycol)) under confinement. 13, [24] [25] [26] These findings might support the hypothesis of a collective nature of the BP. 27 The same effect was also observed for a glass forming liquid crystal confined to the pores of a molecular sieve. 28 The effect of soft confinement was investigated by enclosing propylene glycol to microemulsion droplets. In contrast to what is found for hard confinement, the boson peak of the bulk material is completely washed out under the soft confinement. 29 Besides for low molecular weight glass formers and polymers a boson peak was detected also for plastic crystals, by means of THz dielectric spectroscopy. 30, 31 This indicates that these materials can also undergo a glass transition as it is discussed in ref. 5 and 32 where Seki and Suga 33 observed a glass transition in plastic crystals for the first time. Our contribution focuses on discotic liquid crystals (DLCs). DLCs are self-assembled materials where self-assembly is driven by noncovalent intermolecular interactions. 34 The molecules consist of a flat and rigid aromatic core substituted by flexible aliphatic side chains. 35, 36 The former is responsible for the p-stacking and the latter for the increased solubility, processability, and rich thermotropic behaviour. 37 At low temperatures discotic liquid crystals exhibit a plastic crystalline phase. This phase can be followed by a hexagonal columnar mesophase where the disc-shaped molecules organize into columns that further assemble into two-dimensional arrays with a hexagonal mesophase. The alkyl chains fill the intercolumnar space giving so rise to a nanophase separated state. This can also be considered as a confinement of the alkyl chains in between the columns. Besides hexagonal mesophases also nematic structures can appear. 28 At even higher temperatures discotic liquid crystals undergo a phase transition to a more or less isotropic, disordered liquid. Hence these soft matter materials combine aspects both of a conventional fluid and a solid crystal. The isotropization temperature and the temperature range of the hexagonal columnar mesophase depend besides the nature of the core on both the length and specific structure of the side chains. Furthermore confinement can influence these properties, e.g. result in a decrease of the phase transition temperatures and a rise of additional new phases as found in a study on a pyrene-based liquid crystal confined to self-ordered alumina oxide membranes with different pore sizes. 38 With their ordered structure, discotic liquid crystals look very promising in the field of organic electronics 39 and to fulfill today's dire need for effective, low cost, portable and disposable elements such as tunable organic light-emitting diodes, 40 thin film fieldeffect transistors or photovoltaic chips: they outperform many photoconductive polymers (e.g. in terms of charge transport or short-lived excitonic response). 41 Several studies have been carried out on the electronic properties and the self assembly of typical discotics such as triphenylene and hexa-perihexabenzocoronene (HBC) derivatives. 34, 42, 43 Besides applications, the counterplay between order and molecular mobility offers the unique possibility to address fundamental questions about the glass transition and the underlying molecular dynamics. Currently it is an open question whether discotic liquid crystals exhibit glassy dynamics in general or not. Glassy dynamics were found for a pyrene-based 44 and claimed for a triphenylene-based 31 discotic liquid crystal as well as for several other similar materials. [45] [46] [47] However it is not clear if this is a common behaviour for this class of material. Considering the possible relevance of the BP for glassy dynamics an investigation of the vibrational density of states for these soft mater materials might contribute to solve this question and to gain a better understanding of the molecular origin of the Boson peak. In this study differential scanning calorimetry, X-ray Scattering, and inelastic neutron scattering are employed to investigate a homologous series of triphenylene based discotic liquid crystals with varying length of the side chain in the bulk state. The general aim is to ascertain the existence of a boson peak for these materials and to investigate the influence of the length of the alkyl chains on its position and shape. The X-ray study provides detailed structural information to discuss the inelastic neutron scattering data.
Materials
The considered homologous series of hexakis(n-alkyloxy)triphenylene (HATn) DLCs is based on an aromatic triphenylene core where the length of the side chain n is varied from 5 to 12. All materials were purchased from Synthon Chemicals (Bitterfeld, Germany) and used as received. Their chemical structure is shown in Fig. 1 . The chemical structure of the obtained materials was confirmed by MALDI-TOF mass spectrometry. As an example Fig. 2 shows the MALDI-TOF MS spectrum of HAT6. Pronounced peaks were observed in the theoretical molar mass range of 828 g mol 
Experimental techniques

Differential scanning calorimetry
Conventional Differential Scanning Calorimetry (DSC) was carried out using a Seiko DSC 7020. The sample (B10 mg) was measured from 173 K to 283 K at a heating and cooling rate of 10 K min À1 . Nitrogen was used as a protection gas.
X-ray scattering
For the X-ray scattering experiments, the sample was filled into borosilicate glass capillaries (WJM-Glas Glastechnik & Konstruktion, Germany) with a diameter of 0.3 mm. The measurements were carried out on the synchrotron micro focus beamline mSpot (BESSY II of the Helmholtz Centre Berlin for Materials and Energy). With a divergence of less than 1 mrad (horizontally and vertically), the focusing scheme of the beamline is designed to provide a beam diameter of 100 mm at a flux of 1 Â 10 9 photons s À1 at a ring current of 100 mÅ. The experiments were carried out applying a wavelength of 1.03358 Å using a double crystal monochromator (Si 111). Scattered intensities were collected 820 mm behind the sample position using a two dimensional X-ray detector (MarMosaic, CCD 3072 Â 3072 pixel with a point spread function width of about 100 mm). A more detailed description of the beamline is given in ref. 48 . The obtained scattering images were processed, converted into diagrams of scattered intensities versus scattering vector q where q is defined in terms of the scattering angle 2y and the wavelength l X of the radiation, thus q = 4p/l X sin y, and employing an algorithm of the computer program FIT2D. 49 The materials were heated at a heating rate of 10 K min À1 in order to be consistent with the DSC measurements.
Neutron scattering
Neutron scattering measurements are carried out at the time focusing time-of-flight spectrometer IN6 at the Institut Laue Langevin in Grenoble, France. 50 The instrument was used with an incident wavelength of l n = 5.12 Å resulting in a resolution of 100 meV (full width at half maximum). The raw data were corrected following the usual procedure using the program INX 51 for background and absorption. Different detectors have been interpolated to obtain constant q values. The maximal accessible elastic scattering vector in this configuration is q = 2.05 Å
À1
. The VDOS is measured at 80 K. This makes sure that the inelastic scattering due to the vibrations is not overlaid by quasielastic scattering caused by molecular motions. The resolution of the instrument was obtained by measuring the sample under investigation at 2 K where all molecular motion and vibrations are frozen. Absolute values of S(q,o) were obtained also by INX.
Results
DSC measurements were carried out to determine the phase transition temperatures of the discotic liquid crystals. Fig. 3 gives the DSC thermograms of HAT6 for heating and cooling. For the other materials corresponding DSC traces are obtained.
The phase transition temperatures between the plastic crystalline and the liquid crystalline phase (T cry,colh ) and between liquid crystalline and isotropic phase (T colh,iso ) were estimated from the maximum positions of the peaks in the heat flow. A hysteresis between heating and cooling is observed, especially for the phase transition between the plastic crystalline and the liquid crystalline phase. The inset enlarges the heat flow in the temperature range from 180 K to 220 K, the temperature where a glass transition is observed in ref. 31 . A tiny step-like change of the heat capacity was observed during cooling which might indicate a glass transition. In contrast to what was found by Wübbenhorst et al., 31 in this study the step-like change in the heat flow is much weaker and hard to observe (see the inset of Fig. 3 ). A step-like change in the heat flow is also observed for HAT5, HAT8 and HAT10. First of all this seems to indicate that this small change in the heat flow is a real effect. With increasing n the step height decreases. For the heating scans no step-like change is observed for any material under study. In contradiction a more detailed investigation by means of Temperature Modulated Differential Scanning Calorimetry during heating does also not evidence a glass transition. [52] [53] [54] The phase transition temperatures depending on the length of the side chains n for cooling and the second heating are shown in Fig. 4 and summarized in Table 1 . Similar results were found for a series of HATn (n = 5, 6, 7, 8, 9, 10) with only slight deviations for n = 10 (HAT10; DT colh,iso = 4 K) in ref. 55 . All discotic liquid crystals under study show a hysteresis as demonstrated for HAT6. While the phase transition temperature for the phase transition between the plastic crystalline and the liquid crystalline phase is more or less independent of the length of the aliphatic side chain, the phase transition temperature for the transition between the liquid crystalline and the isotropic phase decreases with increasing n. This results in a narrowed temperature range DT of the liquid crystalline mesophase with increasing n as it can be seen from the inset of Fig. 4 . Fig. 5 presents the transition enthalpy depending on the chain length for both phase transitions. For the phase transition between the plastic crystalline and the liquid crystalline phase, the transition enthalpy first increases with n until it reaches a maximum enthalpy for n = 8 after which it decreases again. For the phase transition between the liquid crystalline and the isotropic phase the transition enthalpy decreases slightly with n until a small increase for the longest side chain n = 12 is observed. Fig. 6 gives the X-ray diffractograms of HAT6 for the different phases. The diffractogram corresponding to the plastic crystalline phase (see Fig. 6a ) appears complex with numerous reflections in the whole q range with the most prominent peak at q = 3.5 nm À1 . First of all, this indicates a more or less crystalline structure. Secondly, in the q-range from ca. 10 nm to 20 nm À1 a kind of amorphous halo is observed. Such an amorphous halo is typical for semi-crystalline polymers consisting of amorphous and crystalline regions where the amorphous halo is related to the amorphous parts of the material. 56 Therefore the existence of an amorphous halo also for the HATn materials implies the existence of some disorder in the system. The inset of Fig. 6a compares the X-ray scattering pattern of HAT6 and semicrystalline polyethylene in the q-range between 10 nm À1 and 25 nm À1 (PE, degree of crystallization ca. 38%). Data are taken from ref. 57 . Although the X-ray pattern of HAT6 exhibits more detailed reflections than that of PE, both spectra show also close similarities. This concerns especially the amorphous halo. Keeping in mind that the side chains of HATn consist also of CH 2 groups like PE one might discuss that the amorphous halo for HAT6 is related to a disordered structure of the methylene groups in-between the columns. This disordered structure on a larger length scale does not exclude local short range correlations. This was discussed for liquid hydro carbons as short translatorial chain-chain correlations. 58, 59 A similar structure was confirmed for the comparable amorphous polymer polybutadiene by coherent neutron diffraction 60 which is also in agreement with detailed molecular simulation. 61 For all lengths n of the side chains a comparable behavior of the amorphous halo is observed. Several efforts have been made to ascertain also the single crystal structure and the lattice type of triphenylene derivatives in the plastic crystal state but with only limited success. 62 This might be due to the low scattering lengths of the C, H, O and N-atoms and the difficulty to prepare large enough single crystals for X-ray single crystal diffraction experiments. Moreover the existence of an inherent disordered amorphous structure indicated by the amorphous halo might impede the determination of a single crystal structure of HATn for higher values of n in general. The single crystal structure of the triphenylene-HAT2-NO 2 and other triphenylene-based discotic molecules with shorter side chains could be obtained by using sublimation or recrystallization of the ethylacetate for the sample preparation. 63, 64 In several cases columns of the discotic core with separated side chains are found for the plastic crystalline phase. Therefore and also because of the incompatibility of the aromatic cores and aliphatic side chains here we assume for the plastic crystalline phase also columns of the core structure where the distance of the columns increases with increasing n. The X-ray spectrum corresponding to the hexagonally ordered liquid crystalline mesophase is depicted in Fig. 6b . The Bragg reflection at q max = 3.5 nm À1 corresponds to the core-core distance of the triphenylene cores. 36 The hexagonal ordering is confirmed by higher order reflections at q values $ ffiffi ffi 3 p q max (see the inset in Fig. 6b) . The peak at q = 17.5 nm À1 is related to the horizontal distance of the triphenylene cores within a column. 36, 65 Moreover a broad amorphous halo is observed linked to the disordered structure of the methylene groups of the side chains in between the columns of the triphenylene cores. Compared to the plastic crystalline phase the amorphous halo is slightly shifted to lower q values. However, its appearance in both phases affirms further the disordered structure of the alkyl chains in the plastic crystalline phase. In the isotropic phase (see Fig. 6c ) again the amorphous halo is observed in a q-value range which is similar to that for the hexagonal ordered liquid crystalline and the plastic crystal phase. Moreover a reflection at q = 3.65 nm
À1
indicates a column-like ordering also deeply in the ''isotropic state''. Compared to the hexagonal liquid crystalline phase the peak is essential broader implying a more disordered structure of the columns with smaller column lengths. Therefore the peak due to the disc-disc distance is expected to be also quite broad and is probably hidden under the amorphous halo. For all investigated materials a similar behavior is found. Fig. 7 compares 
The results are shown in Fig. 8 depending on the number of C-atoms in the side chain. As expected, with increasing lengths of the side chain the core-core distance increases more or less linearly as well as for the hexagonal columnar liquid crystalline and the isotropic phase with a similar slope. To prove this in more detail the data for the DLCs are compared with the length of a single alkyl chain in all conformation depending on n in Fig. 8 . 67 Both the experimental data for the DLC and the theoretical values for a single alkyl chain have a similar slope with regard to n. This evidences that the distance between the columns is mainly due to the lengths of the alkyl chains. The d values for the DLCs are larger because more sides are involved than for one alkyl chain in all trans conformation. In Fig. 8 the obtained data are also compared to a pyrene-based discotic DLC with a shorter side chain 44 which fits well to the data of the HATn materials. Comparison is also made to the size of alkyl group rich nanodomains found in nanophase separated poly-(n-alkylmetharylates) 66, 67 In this case, the distance increases as well linearly with regard to n with a similar slope. Inelastic neutron scattering is related to the molecular motions and vibrations of atoms or molecules on a microscopic length and time scale. 68 The momentum and energy exchanged during the experiment between neutrons and the sample give information on space and time, respectively. The essential quantity is the double differential cross section defined as For n = 12 the temperature range of the mesophase is very narrow and due to the high heating rate, the curve here taken at T = 335 K is already in the isotropic phase. The curves are shifted on the y-scale for the sake of clearness. Therefore the observed scattering or dynamics can be assigned predominantly to the intercolumnar space. Fig. 9 gives spectra as measured by IN6 at 80 K normalized to the height of the elastic peak. The data show a weak Boson peak around an energy transfer of 1 meV. The comparison with the resolution of the instrument measured at 2 K reveals that a considerable amount of the scattering at 80 K is due to the resolution broadening of the elastic line. In order to separate the parts from the resolution and from the low-energy vibrations the standard expression for the one-phonon scattering function is applied:
where e À2W(q) is the Debye-Waller factor and % m the average mass of an atom. k B is the Boltzmann constant. The observed scattering law is the convolution of eqn (3) with the resolution function of the instrument R(q,o). The convolution effect on the inelastic term can be omitted because the boson peak is a broad feature when compared to the resolution. Therefore it holds: 70 S obs ðq; oÞ ¼ Rðq; oÞ Sðq; oÞ % e À2WðqÞ RðoÞ þ hq
When applied to spectra at two different temperatures (here 2 K and 80 K), eqn (4) gives a system of two linear equations from which the vibrational density of states g(o) and the resolution R(q,o) can be calculated. Fig. 10 gives the vibrational density of states (VDOS) for HAT5 in the frequency range of the Boson peak normalized to the VDOS expected from the Debye theory of sound waves which gives g(o) B o 2 . A BP is observed for this discotic liquid crystal in the plastic crystalline state.
As already discussed above, as a BP seems to be characteristic of a glassy behaviour one can conclude that this class of discotic liquid crystals in the plastic crystalline state resembles features of a glass although only a weak (HAT5, HAT6) or non (HAT10, HAT12) step-like change in the heat flow indicating a thermal glass transition is observed. Moreover because of the fact that the observed scattering is mainly due to the hydrogen atoms located in the intercolumnar regions and it was evidenced by the X-ray investigation that the alkyl chains have a more or less disordered structure (amorphous halo), one can further conclude that these glassy features are related to the intercolumnar regions. Fig. 11 compares the Boson peak of HAT5 with the vibrational density of states of ''amorphous'' polyethylene (PE) given by Kanaya. 17 In this context one has to note that the term ''amorphous'' here means that the VDOS was estimated for the amorphous regions of the semicrystalline polyethylene constraint by or within the crystalline regions. It does not represent the VDOS for a purely (hypothetical) amorphous PE. Because no absolute values for g(o)/o 2 are given in ref.
17 the data for PE were scaled to collapse at the high frequency side with the HAT5 data. Fig. 11 shows that the Boson peak of HAT5 approximately agrees roughly with regard to both its position and its shape with the data estimated for PE. This indicates that the vibrational density of states measured for the methylene groups in the intercolumnar regions of HAT5 corresponds well to that for the CH 2 groups in the constraint amorphous regions of semicrystalline polyethylene. The inset of Fig. 10 compares the Boson peak of the amorphous polymeric glass poly(methyl phenyl siloxane) (PMPS) and the nematic glass of the liquid crystalline mixture E7 with the BP of HAT5. First of all, compared to the other two materials the Boson peak of HAT5 is weak. Secondly, the degree of molecular order increases from PMPS over E7 to HAT5 (amorphous glass, nematic glass, plastic crystal). With the increase of the molecular order the BP decreases in intensity and its position shifts to higher frequencies. So one might speculate that the intensity of the Boson peak of a material decreases with the amount of order involved in the material. In addition the position of the BP shifts to higher frequencies with increasing order of the The data for the different materials were not normalized. material under study. This might be related to the fact that with an increasingly better ordered structure the material becomes stiffer. In agreement with the line of arguments given in ref. 21 and 22 the Boson peak should shift to lower frequencies for softer materials. The inset of Fig. 12 compares the Boson peak of HAT5 with that of HAT6. One might imagine that the ''soft'' and flexible alkyl chains are confined between the ''hard'' (stiff), ordered columns built up by the cores of the molecules. Therefore we could compare this case from a phenomenological point of view with the case of molecules confined in hard confining matrices. As mentioned already, in such cases it is observed that the BP decreases in intensity mainly at its low frequency side and that the peak shifts to higher frequencies. The behavior of HAT6 is just opposite: compared to HAT5 the BP of HAT6 is increased in its intensity and shifted to lower frequencies. Keeping in mind that the distance between the columns for HAT6 is larger than for HAT5 one might consider the increase in the intensity and the shift to lower frequencies of the BP for HAT6 compared to HAT5 as a partial release of the self-organized confinement imposed by the columns of the aromatic cores onto the methylene groups in the intercolumnar space. Fig. 12 shows the reduced density of states g(o)/o 2 for HATn (n = 5, 10, 12) in the frequency range of the BP. All discotic liquid crystals considered here show a weak but well developed Boson peak (for HAT6 see the inset of Fig. 12 ). With an increasing number of methylene groups in the side chain the BP shifts to lower frequencies and gains in intensity. This is in agreement with the phenomenological self-organized confinement release hypothesis as discussed above. The columns generate a self-organized confinement with regard to the intercolumnar space and therefore also the side chains. As a result the side chains are stiffly organized in between these columns. The intercolumnar distance increases with n which leads to a release and weakening of the confinement. Fig. 13 shows how the Boson peak maximum shifts to lower frequencies with an increasing number n of side chain carbons. The line of arguments discussed in ref. 22 and 21 that with increasing length of the side chain the systems transform from a stiff system to a softer one is in full agreement with the release of the self-organized confinement model discussed above. Moreover the peaks for n = 10, 12 are much narrower than for n = 5, 6 which might be related to the transition from a rigid to a soft system. A comparison of HAT5, HAT6 with HAT10, HAT12 allows for another interesting comparison with the Schirmacher model. 22 For HAT5, 6 the peak is quite broad while for HAT10, 12
the BP is much narrower. One might be tempted to relate this to the two limiting cases which were calculated in ref. 22 for different spatial correlations of the elastic constants. In analogy it might be deduced that the elastic constants for the longer side chains (HAT10, 12) are stronger correlated compared to the shorter ones. As longer chains tend to explore a wider space and should interact more with the neighbors, this seems to be logical. In light of this approach the behavior observed for HAT5 and HAT6 corresponds to an uncorrelated disorder where the data measured for HAT10 and HAT12 would indicate a correlated disorder. For low values of n (n = 5, 6) the structure of the CH 2 groups is mainly dominated and constrained by the columns where for HAT10, 12 the CH 2 groups are more free to organize by themselves and a certain correlation between the methylene groups can be established. These considerations are in agreement with the self-organized confinement model developed above. Fig. 14 that behavior has been quite unclear and has to be further investigated by other methods. Nevertheless the line of the arguments of the transition from an uncorrelated to a correlated disorder (with increasing n) one might speculate that n = 8 corresponds to transitional state between the two kinds of disorder. In ref.
22 it was also mentioned that for a critical value of the disorder parameter for the uncorrelated state the calculations becomes unstable. This might be a possible explanation for the absence of a Boson peak in HAT8. This argument is supported by the fact that for high frequencies the data for HAT8 coincide with those for HAT5 and HAT6.
Conclusions
A series of triphenylene based discotic liquid crystals (HATn, n = 5, 6, 8, 10, 12) is investigated by differential scanning calorimetry, X-ray scattering and neutron scattering. In the liquid crystalline phase, the scattering pattern of all materials shows a sharp Bragg-reflection corresponding to the intercolumnar distance in the lower q-range. In the higher q-range, a reflection corresponding to the stacking of the cores within one column and a broad amorphous halo linked to the disordered structure of the methylene groups in the side chains are observed. In the plastic crystalline phase a similar structural arrangement is assumed, these alkyl chains form a nanophase separated state between the columns. Besides HAT8, all other materials under study exhibit a boson peak (BP). With increasing lengths n of the side chains the BP shifts to lower frequencies and gains in intensity. This can be discussed employing a selforganized confinement model, where the confinement is generated by the highly ordered columns to the intercolumnar space, where with increasing n the confinement is weakened. Furthermore for the longer chain lengths n = 10, 12, the Boson peak is considerably narrower than for the smaller chain lengths n = 5, 6. This might indicate the transformation from a stiff to a soft system. Moreover these results can also be discussed in the framework of a transition from an uncorrelated to a correlated disorder with increasing n. In this approach n = 8 might be considered as a transitional state.
